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(54) METHOD AND EQUIPMENT FOR CONTROLLING RUNNING VEHICLE 

(S7)Abstract: 

PROBLEM TO BE SOLVED; To relax an impact force caused by an 
impact, or the like, with an obstacle, or the like, and to obtain 
desired operation characteristics even when the situation of a 
running surface changes. 

SOLUTION: An output of a joystick 2 is converted into a power 
command Fhum in a virtual translation direction and a power 
command Nhum in a rotatory direction and they are inputted to a 
translation direction control system 10 and a rotational direction 
control system 20. The power commands Fhum and Nhum are 
inputted to compliance control means 12 and 22. while high- 
frequency components of external forces Fanv and Nanv applied to 
a wheelchair 1 and estimated by a counter force estimating means 
7 are inputted to compliance control means 13 and 23, and a 
compliance control is conducted on a human input and the external 
forces. Outputs of the control means 11 and 21 are subjected to 

coordinate transformation, converted further into current signals •• ■ L, . 

and given to the running vehicle 1. The lew-frequency components 
of the counter force are inputted to an adaptive control means 18 
and a conversion coefficient for the power command Fhum is 

varied by a value Corresponding to the friction force between the wheelchair 1 and the running surface. 
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lurhulence applied to a wheelchair 1 is estimated by turbulence estimation means 6 
and a current signal I* m i> in response to the amount, of the turbulence is output from tbe 
turbulence estimation means 6. A current command l> r ovtput by the 0 conversion 
means 5 and a current signal I*"* output by the turbulence estimation means 6 are 
added and are applied to a motor controller (not shown) for driving hoth wheels of the 
chair wheel I to drive the wheelchair 1. Further, reaction estimation means 7 estimates 
external force generated by external environment to output estimated external force - 
d!w. The estimated external force r a™ output buy the reaction estimation mean? 7 is 
converted to translational component F,™ and rotational component N C nv respectively to 
permit high frequency components thereof to be taken out by high- pass filters U, 24 
which are provided to compliance control means' 13, 23 of translational direction control 
system 10 and rotational direction control system 20. 

[0014] 

(1) Turbulence estimation means 6 

In the? present embodiment use is made of turbulence estimation means 6 for estimating 
turbulence applied to a wheelchair. The turbulence estimation means 6 estimates the 
total sum of turbulences applied to the wheelchair including parameter variations and 
cancels the turbulence by feeding- back estimated turbulence. Hereby, a robust control 
system can be constructed. 

The turbulence estimation means 6 is described in for example: Murakami Toshiyuki, 
Nakamura Ryou, Ikukata Mei, Onishi Kchei : ,: multi- freedom robot force sensor-less 
compliance control" Japanese' Robot Journal, Vol. .11, Mo.5, pp.765-768, (1993) (referred 
to paper 1 hereinafter), Nishikawa Naoki, Pujimoto Yasutalea, Murakami Toshiyuki, 
Onishi Kohei:" Variable compliance Control of three-dimensional Two leg walking robot" 
Electrical Society industry application Journal, Vol,119-D, No.12, pp.1507 to 1613, 
(1999) (referred to paper 2 hereinafter). Also in the present embodiment .those 
described in the papers 1 and 2 can be used. 

Fi»6 is a Hock diagram illustrating the turbulence estimation means; f$. As illustrated 
in the same figure, the turbulence estimation means 6 incorporates rotational speed of a 
car wheel of a wheelchair 'J ' rftft and an input current I» to estimate turbulence acted on 
the wheeleair 1 and outputs I««i>. The estimated turbulence is indicated by the following 
formula(3). 
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(2) Reaction estimation means 7 

For detecting external force generated by an environment use is made of the reaction 
estimation means 7 in the present embodiment. The reaction estimation means 7 is 
described in the papers 1 and 2, and also in the present embodiment those described in 
the papers 1. and 2 are useable. Fig.7 illustrates a block diagram of the reaction 
estimation means 7. The reaction estimation means 7 is the same as the foregoing 
turbulence estimation means 6 excepting that z - H »t. is subtracted. It incorporates 
rotational apeed fl of wheels of a wheelchair and an input current U to estimate 
external force acting on the wheelchair 1, and outputs z «.». Estimated' external force is 
as expressed in the foregoing forraula(4). Hcsrein, designated at g m:K is a gain of the 
reaction estimation means and r ihit is a difference between it and a nominal value of 
an inertia matrix.The external force r en * Estimated by the reaction estimation means 7 
is converted to F ttiv that is a component in a translation;]) direction and N# nv that is a 
component in. a rotational direction by coordinate conversion means 15, 25. The 
conversion is performed by the following formula fe>. 
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